Objective: Although drug-eluting stent (DES) implantation is the primary treatment modality for bare-metal stent (BMS) in-stent restenosis (ISR), little is known about the efficacy and safety profile of DES in the treatment of DES-ISR. The goal of this study was to compare the clinical outcomes following DES treatment for BMS-ISR and DES-ISR. Methods: Rates of major adverse cardiac events (MACE) were compared in 97 consecutive patients who underwent DES implantation for the treatment of ISR (56 BMS-ISR and 41 DES-ISR) from January 2004 to December 2008. Results: Baseline clinical and procedural characteristics were comparable, except that the DES used in the BMS-ISR group was longer and had a larger diameter. The length of follow-up was (28.60±1.96) and (20.34±1.54) months for the BMS-ISR and DES-ISR groups, respectively. One patient (1.8%) experienced non-cardiac mortality and one (1.8%) had target-vessel revascularization (TVR) in the BMS-ISR group. In the DES-ISR group, three patients (7.3%) died of sudden death with a documented acute ST-segment elevation myocardial infarction, and three suffered TVR (7.3%). Kaplan-Meier analysis indicated that cumulative survival probability and MACE-free probability were both significantly lower for the DES-ISR group (log rank test P=0. 047 and P=0.005, respectively). In Cox regression analysis, DES-ISR remained an independent predictor for future MACE occurrence after adjustment for other factors (compared with BMS-ISR, risk ratio (RR)=8.743, 95% confidence interval (CI) 1. 54-49.54, P=0.014). Switching to a different type of DES to treat DES-ISR did not improve the prognosis. Conclusion: DES-ISR patients had a poorer prognosis than BMS-ISR patients after DES therapy.
Introduction
In-stent restenosis (ISR) occurs at a rate of 15% to 50% after bare-metal stent (BMS) implantation (Kastrati et al., 2001) and remains the major drawback of BMS treatment of coronary artery disease. Several randomized clinical trials, such as SISR (sirolimus-eluting stent vs. intravascular brachytherapy in in-stent restenotic coronary artery lesions), ISAR-DESIRE (sirolimus-eluting stent or paclitaxel-eluting stent vs. balloon angioplasty for prevention of recurrence in patient with coronary in-stent restenosis), RIBS-II (restenosis intrastent balloon angioplasty vs. elective sirolimus-eluting stenting), and TAXUS-V-ISR (paclitaxel-eluting stents vs. vascular brachytherapy for in-stent restenosis within bare-metal stents), and some real-world registries, such as TROPICAL (a study of the Cypher SES to treat restenotic native coronary artery lesions), TRUE (Tuscany registry of sirolimus for unselected in-stent restenosis registry), and RESEARCH (rapamycineluting stent evaluated at Rotterdam cardiology hospital registry), have compared the efficacy of different catheter-based strategies for the treatment of BMS-ISR (Saia et al., 2004; Kastrati et al., 2005a; Neumann et al., 2005; Alfonso et al., 2006; Holmes et al., 2006; Liistro et al., 2006; Stone et al., 2006) . The results were similar: repeat percutaneous coronary intervention (PCI) with a drug-eluting stent (DES) for the treatment of a BMS-ISR lesion is superior to other therapies, including balloon angioplasty, intravascular coronary brachytherapy, or implantation of another BMS. DES therefore became the primary treatment modality for BMS-ISR treatment.
However, there is no consensus on how to treat DES-related ISR (DES-ISR). Emboldened by the positive results achieved in BMS-ISR patients, a few groups have reported using another DES to treat DES-ISR lesions. Moreover, this "DES in DES" technique may be more widely used to handle DES-ISR in clinical practice.
The goal of our study was to compare the clinical outcomes of DES treatment between BMS-ISR and DES-ISR patients. Our results lead one to question the rationale of simply copying the "DES in original stent" strategy for DES-ISR patients.
Patients and methods

Study population and procedures
The present study included consecutive ISR patients treated with DES in two clinical centers (Renji Hospital of Shanghai Jiao Tong University, Puxi and Pudong branches) from the beginning of 2004 to the end of 2008. ISR was defined as greater than 50% luminal narrowing at the segment including the original stent and within 5-mm proximal and distal to the stent edges by visual estimation. The pattern of ISR was classified according to Mehran et al. (1999) 's description. Either a sirolimus-eluting stent (SES) or a paclitaxel-eluting stent (PES) was used according to the operator's discretion. All procedures and periprocedural antiplatelet and anticoagulation therapies followed standard guidelines. Therapy at discharge was based on patient comorbidity.
Clinical follow-up for patient status was performed with routine telephone contact. Angiographic follow-up was achieved in available patients either by transcatheter angiography or computed tomography angiography.
The primary outcome of the study was the rate of major adverse cardiac events (MACE), including death, non-fatal myocardial infarction (MI), and targetvessel revascularization (TVR). MI was defined as the presence of prolonged chest pain followed by a total creatinine kinase (CK) level elevation more than three times the upper normal limit, a creatine kinasemyocardial band fraction (CK-MB) level more than two times the upper normal limit, and a positive troponin level (both T and I subtypes), with or without ST-segment elevation in the EKG. TVR was defined as repeat percutaneous or surgical revascularization in any segment of the coronary artery containing the stented lesion.
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Statistical analysis
Discrete variables are reported as percentages and compared with the Chi-square or the Fisher's exact tests. Continuous variables are presented as mean±standard deviation (SD) and analyzed using the Student's t test. Kaplan-Meier survival probability was used to test cumulative rates of death and MACE, respectively. Cox regression was performed for the adjustment of baseline difference. A P value less than 0.05 was considered statistically significant. Data were analyzed with SPSS 13 for Windows (SPSS Inc., Chicago, Illinois, USA).
Results
During the study period, 642 patients underwent angiographic follow-up after stent implantation. Among them, a total of 101 patients underwent DES treatment for ISR, with four patients excluded due to loss of contact. Of the remaining 97 patients, 56 developed ISR secondary to BMS implantation and 41 after DES implantation. Complete follow-up data for MACE were obtained.
Baseline clinical characteristics of these two groups of patients are listed in Table 1 . Most clinical features in the two groups were well matched, except that a higher proportion of patients in the BMS-ISR group had a history of MI (60.7% vs. 39.0%, P=0.041) while a higher proportion of patients in the DES-ISR group had multivessel coronary disease (63.4% vs. 39.3%, P=0.024). Distributions of clinical presentations of ISR were also similar. Overall, 29.9% presented with stable angina, 33% with unstable angina, 12.4% with acute myocardial infarction (AMI), and 2.1% with heart failure. In total, 22.7% of patients presented with no apparent symptoms, and severe ISR was found only in routine angiographic follow-up; however, the majority of these patients demonstrated ischemic signs with 24-h EKG monitoring or echocardiography examination, thus representing a subset of ISR patients with silent ischemia. .012] than in the DES-ISR group. There were no combinations of different types of DES for a given patient. The procedural success rate was 100% in both groups. The main medical therapy at discharge was similar in the two groups.
No patients presented with MACE during hospitalization. The mean duration of follow-up was 28.63 months in the BMS-ISR group and 20.34 months in the DES-ISR group. Table 3 compares the cumulative outcomes during follow-up. Patients in the DES-ISR group experienced more MACE than those in the BMS-ISR group. A total of four patients died after treatment: one patient in the BMS-ISR group died of multi-organ failure from severe infection four months after the procedure (1.8%). In the DES-ISR group, three patients died of sudden death in the emergency room secondary to ST-segment elevation MI (7.3%). Clinically-driven TVR also occurred Renal insufficiency is based on a history of baseline creatinine >1.5 mg/dl at admission. Multivessel disease is based on a history of >70% luminal narrowing in more than two coronary arteries more often in the DES-ISR group than in the BMS-ISR group (7.3% vs. 1.8 %). There were no non-fatal MIs in both groups. The Kaplan-Meier estimates of survival and event-free time were both significantly higher for the BMS-ISR group than for the DES-ISR group (log rank test, P=0.047 for survival and P=0.005 for MACE-free time, Fig. 1 ). For adjustment of baseline differences, we performed Cox regression analysis to determine predictors of future MACE after therapy of ISR. After the adjustment of variables including age, gender, comorbidity, history of coronary disease, original stent type, presentation, location and morphology of ISR, treatment DES type, procedural parameters, and medications, the original stent type remained an independent predictor of MACE. After DES implantation for ISR, Table 4 , there was a trend toward a lower rate of MACE in patients who received a different type of DES; however, it did not reach statistical significance. Cox regression was not performed in this part of the analysis due to insufficient power.
Discussion
The use of DES has led to a remarkable reduction in ISR. However, it is estimated that at a long-term follow-up (>3 years) after DES implantation, more than 10% of lesions still require repeat intervention (Kastrati et al., 2005b; Cosgrave et al., 2007a) . Due to the exponential increase of DES implantation in the past decade, ISR secondary to DES is seen much more frequently in clinical practice than before. The main purpose of the present study was to ascertain whether the "another DES" strategy is as safe and effective in DES-ISR patients as it is in BMS-ISR patients. Our data yielded a negative answer to this question. The MACE rate was up to 14.6%, including a 7.3% death rate, in the DES-ISR group over just 20 months of follow-up, while MACE only occurred in 3.6% of the BMS-ISR patients (1.8% of death) after a mean follow-up of more than 28 months.
This may seem counterintuitive, but a careful examination of the issue suggests that different factors that influence secondary ISR formation may be the underlying mechanisms. Because the tubular slotted stent does not recoil, which in turn prevents geometric arterial constriction, ISR is mainly due to simple neointimal hyperplasia after BMS therapy (Dussaillant et al., 1995; Hoffmann et al., 1996) , which is the very target of DES. The average late loss of lumen diameter after primary BMS placement was about 0.8 mm (Bestehorn et al., 2004) . The use of DES in a native coronary stenosis decreased the lumen diameter loss to about 0.08 mm (Sousa et al., 2001; Moses et al., 2003) . This capability of DES to reduce neointimal formation remains powerful when treating BMS-ISR. The lowest late luminal loss after DES implantation in BMS-ISR lesions has been reported as (0.08±0.49) mm, which is on the same order of magnitude as that seen in native lesions (Neumann et al., 2005) . Other results yielded ranges from 0.16 to 0.45 mm (Degertekin et al., 2003; Sousa et al., 2003; Kastrati et al., 2005a) . This may account for the low rate of TVR in BMS-ISR patients after DES treatment.
However, when ISR occurs within DES, the situation is much more complicated. First, the initial DES failure would be a strong signal that the patient may have an inherent intensive intimal response to stent implantation, which is resistant to the eluting drug. Second, nearly all polymers of DES are associated with prolonged inflammatory reactions in vessels, which have long proved to be a driving stimulus for neointimal thickening (van der Giessen et al., 1996; Kornowski et al., 1998) . Third, the development of DES-ISR is likely to be linked to a greater propensity of micro-thrombosis, which is attributed to delayed re-endothelialization over the stent surface. In addition, chemoattractants and growth factors released by activated platelets within the thrombi may contribute to the recruitment of smooth muscle cells and their proliferation within the stent. Based on these points, the rationale to use another DES for the treatment of DES-ISR is theoretically flawed. Some have presumed that using a type of DES other than that of the original stent would be effective because of the different mechanisms by which to inhibit neointimal hyperplasia. However, this hypothesis has not been proved in clinical observation. Garg et al. (2007) , Cosgrave et al. (2007b) , and Sardella et al. (2009) reported, respectively, a similar prognosis between homo-DES and hetero-DES strategies in the treatment of DES-ISR. In our study, there was a trend toward lower MACE rates in the DES-ISR patients using a different type of DES, but it did not reach statistical significance. Moreover, the real inflammation-inducing influence of a double layer of polymers is unknown, but the polymerassociated inflammation is very likely to be responsible for the high incidence of repeat TVR in the DES-ISR group. Finally, it should be specially noted that three DES-ISR patients in our study suffered sudden death after a documented acute MI. Therefore, the risk of catastrophic thrombosis due to potentially further postponed re-endothelialization should be carefully evaluated when considering the DES-in-DES modality.
In comparison to previous reports of DES therapy for ISR, the present study found a relatively low TVR rate for both groups of patients despite a similar death rate. The primary reason may be a lower rate of angiographic follow-up after the treatment in this study, which may miss asymptomatic patients with recurrent restenosis. The higher frequency and duration of medical therapy (aspirin, clopidogrel, and statin) compared to previous studies may also contribute to the decreased TVR rate. Despite the differences in the follow-up length and the patient race, results of the present study are consistent with two recent reports, which also documented worse outcomes in DES-ISR patients than in BMS-ISR patients after undergoing DES-sandwich treatment (Whan Lee et al., 2008; Steinberg et al., 2009) .
Based on the current evidence, the effect of another DES on DES-ISR treatment is at least suboptimal. Interventional cardiologists should be more cautious about using this technique, considering its high rate of recurrent restenosis and cardiac death. The efficacy of other catheter-based modalities should be re-assessed in the context of DES-ISR treatment. New devices such as drug-coated balloon, polymer-free DES, and bioabsorbable stent as well as pharmacologic approaches may be promising in the treatment of DES-ISR.
However, our present study still has some limitations. Our analysis and conclusion are subject to the inherent limitations of a retrospective study. The relatively small sample size in each group is another limitation.
